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^ I Abstract. The paper is devoted to the symmetry aspects of 2D nonlocal field the- 

I ory, which is the simplest deformation of the conformally invariant quantum field 

I theory with one free bosonic field. The inverse problem of representation theory is 

I solved for g/j-conformal symmetries, which are infinite dimensional hidden symmet- 

ries of the field theory. There is developed a mathematical formalism based on the 

■ abstract categorical representation theory and sufficient for applications of symme- 
try methods to the investigation of processes of synthesis, decay and interaction of 

(^i). quasiparticles in the models of 2D nonlocal quantum field theory. 

cr. 

I This paper being devoted to one of aspects of the inverse problem of represen- 

^ ■ tation theory [1] is addressed as to speciahsts in mathematical physics and applied 

■ mathematics involved in the analysis of hidden symmetries in quantum field mod- 
els, classical and quantum dynamical and controlled systems as to mathematicians- 
algebraists, who are interested in new aspects of representation theory that are 
explicated during the investigations of concrete models and systems. An expo- 
sition of the material has its goals, in general, to show how unexpected math- 
ematical objects appear during the analysis of concrete hidden symmetries and 
in what extend the modern rather abstract mathematical concepts (category the- 
ory, Grothendieck topology, theory of sheaves and topoi) may be essential for the 
understanding of symmetry aspects of problems of mathematical physics. It is 
rather convenient to remind that an initiative of the explication of such applica- 
tions of modern 'categoric-algebrogeometric' apparatus to problems of theoretical 
and mathematical physics belongs to Yu.I.Manin (see e.g. [2]). 

The inverse problem of representation theory is to restore an abstract mathe- 
matical object (or its characteristics) by a concrete realization, for example, by a 
fixed set of matrices or operators in an infinite dimensional space [1]. Thus, one 



^ This is an English translation of the original Russian version, which is located at the end of 
the article as an appendix. In the case of any differences between English and Russian versions 
caused by a translation the least has the priority as the original one. 



may correspond a Lie algebra 5o(n, R) to all real n x n skew-symmetric matrices. 
More complicated examples were considered, for example, in [1,3]. 

Often the inverse problem of representation theory means to search a repre- 
sentative from a fixed class of abstract algebraic structures (e.g. Lie algebras or 
associative algebras with quadratic relations) by its representation, it is defined at 
the same time what the representation of an algebraic object of this class is. Under 
the solution of such inverse problem as a rule new rather interesting mathematical 
objects appear. In this way there were unraveled, for example, quantum groups [4]; 
some other illustrations (Racah-Wigner algebras, 0-algebras, Sklyanin algebras 
etc.) are contained in [1,3]. 

However, the inverse problem may be considered in another manner. Let us 
suppose that an abstract object belongs to a rather simple class of structures, for 
example, is a Lie algebra, but the form of representation differs from a standard one. 
Such formulation of a problem was proposed in [5] . Of course, methodologically the 
change of the foreshortening means the change of the search of similarity between 
the concrete and the abstract objects (the search of homomorphism of the least 
into the first) to the analysis of a possibility of a representation of the least by the 
first. That presupposes in any case a question what a representation is and what 'to 
represent' means. Therefore, the using of the abstract algebraic apparatus of the 
category theory is reasonable, that was done in [6]. Thus, this article, discussing 
how the Virasoro algebra (more precisely, the Witt algebra, whose central extension 
the Virasoro algebra is) appears under an application of the categoric representation 
theory to analysis of g^j-conformal symmetries in 2D nonlocal g^-conformal field 
theory, is a systematic exposition of a material of electronic preprints [5,6]. 

1. 5ij-CONFORMAL FIELD THEORIES AND Qi^-CONFORMAL SYMMETRIES [7] 

The spectrum of fields of the simplest model of conformal field theory is generated 
by one free bosonic field and, thus, consists of all composite fields, which are the 
normal ordered pointwise products of the current constructed from the free field 
(see a general construction of currents from Fubini- Veneziano fields in [7] ) on itself. 
Other models of the conformal field theory, which complete description was done 
in [8], are received under a transition to several free fields (the so-called free field 
representation [9]). 

The model with one free bosonic field is described by a Lagrangian 



where an integration is done inside the unit complex disk. From many points of 
view (as theoretical as technical) it is useful to consider a nonlocal deformation 
(cf.[10]) of the model with a nonlocal Lagrangian 



where the kernel Kh{z, z) is the Bergman kernfunction of the Lobachevskii metric 
in the unit complex disk: 





Kh{z,z) = (1 - zz) 
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so the nonlocal Lagrangian is invariant under all Mobius (linear-fractional) trans- 
formations of the complex disk. Note that the Lagrangian of the free bosonic 
field L{lp) may be obtained from the nonlocal Lagrangians as their limit at 
h ^ oo. Models of 2D quantum field theory with the Lagrangian (and whose 
classical counterparts have the natural nonlocal nondegenerate Poisson brackets 
with Lagrangian as a Kahler potential of the Kiihler metric constructed from 
them) are the simplest models of nonlocal theory and at the same time they possess 
an interesting and nontrivial internal algebraic structure. 

A language of the operator formalism of the quantum field theory was applied 
to these nonlocal models after their holomorphic-antiholomorphic (chiral) factori- 
zation in the author's paper [7], where the models were called ^j^-conformal field 
theories (qji = 2h-i )- "^^^ components of operator fields of the gj^-conformal field 
theory, which are invariant under all complex projective transformation of the Rie- 
mann sphere, admit a realization by tensor operators in the Verma modules over 
the Lie algebra sl{2, C) and, therefore, may be written as (generalized) differen- 
tial operators, so many problems of the field theory for these models have analytic 
or numeric solutions and the formulation of their difference (lattice) approxima- 
tions does not produce any problems (for example, the problem of integration of a 
quantum- field top, which was considered for the conformal field theory in [11] and 
for g/i-conformal theories in [12]). 

An important feature of 2D conformal field theories is the presence of infinite 
additional symmetries, which are described by the Witt algebra or by its central 
extension, the Virasoro algebra Coir [13]. These symmetries appear as components 
of the decomposition of the (chirally factorized) stress-energy tensor, the square of 
the free bosonic field (more precisely, of the current constructed from it). Analogs 
of the free field representations and stress-energy tensor in the gi^-conformal case 
were considered in detail in the article [7]. Thus, the gjj-conformal stress-energy 
tensor is the generating function of the spin 2 tensor operators in the Verma module 
over the Lie algebra 5l(2, C). If the Verma module V/^ (here h is the extremal weight 
[14]) over this algebra is realized in the space of all polynomials C[^] of a complex 
variable z, and the action of generators Lj (i = —1,0, 1; [Lj,Lj] = (i — j)Li^j) of 
the Lie algebra s[(2, C) in it is written as 

L_i = z, Lq — zdz + h, Li = zdl + 2hdz, 

then the components of the 5_R-conformal stress-energy tensor (q/j-conformal sym- 
metries) are of the form: 

L_. = (€ + M* + 1))9J (*>0), L, = .'^j^^^^i±||±iL_ (*>l), 

where ^ — zdz- 

The ^ii-conformal symmetries form an infinite family. There were done several 
attempts to solve the inverse problem of representation theory for them, i.e. to 
unravel their algebraic structure. One of these attempts was described in the ar- 
ticle [7], its result is the associative algebra Ctitr(gi?), an analog of the nonlinear 
sl2 of [15]. Another approach was sketched in the electronic preprint [5] and devel- 
oped in the author's article 'Approximate representations and the Virasoro algebra' 
prepared for a publication. However, there is a necessity of the further search of 
other ways to solve the inverse problem of representation theory for gjj-conformal 
symmetries. The next paragraph id devoted to a description of one of the possible 
versions. 
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2. Algebraic structure of qf^-coNPORMAL symmetries 
Definition 1 [5]. 

A. A linear space is called a Lie composite iff there are fixed its subspaces 
Oi, . . . On (dimOi > 1) supplied by the compatible structures of Lie algebras. Com- 
patibility means that the structures of the Lie algebras induced in Di fl Dj from 
and are the same. The Lie composite is called dense iff Oi l±) . . . l±) = (here l±) 
denotes the sum of linear spaces). The Lie composite is called connected iff for all i 
and j there exists a sequence ki, . . . km {ki = i, km = j) such that ^ tJfc,,^^ ^ 0. 

B. A representation of the Lie composite tJ in the space H is the linear mapping 
T : t) ^^ End{H) such that T\^_ is a representation of the Lie algebra for all i. 

C. Let be a Lie algebra. A linear mapping T : i— > End{H) is called the 
composed representation of Q in the linear space H iff there exists a set fli, . . . ,Qn 
of the Lie subalgebras of Q, which form a dense connected composite and T is its 
representation. 

Reducibility and irreducibility of representations of the Lie composites are de- 
fined in the same manner as for Lie algebras. One may also formulate a superanalog 
of the Definition 1. The set of representations of the fixed Lie composite is closed 
under the tensor product and, therefore, may be supplied by the structure of a 
tensor category [16]. 

Example 1 (The Octahedron Lie Composite) [5]. Let us consider an octa- 
hedron with the vertices A, B, C, D, E, F, the edges {AB), {AC), {AD), {AE), 
{BC), {BE), {CD), {CF), {DE), {DF), {EE), and the faces {ABC), {ACD>), 
{ADE), {AEB), {BCF), {CDF), {DEF), {EBF). Let t) be a six-dimensional 
linear space with the basis labelled by the vertices of the octahedron, Di, 02, 03, 
t)4 be four three-dimensional subspaces in D corresponded to the faces {ABC), 
{ADE), {CDF), {EBF). All subspaces X>i are supplied by the structures of the Lie 
algebras isomorphic to 50 (3) (such structures are compatible to the orientations on 
the faces). The pentuple (o, Oi, ti2, f 3, 04) is a dense connected Lie composite. 

Proposition. Let T he an arbitrary representation of the Lie composite (o; t)i,t)2, 
03,1)4) in the finite-dimensional linear space H, then H admits a representation of 

the Lie algebra so(4). If T is an irreducible representation then there exist the real 
numbers \a, As, Ac, Ad, A^;, Af such that the operators T{A) — AaI, T{B) — 
XbI, T{C) - Xcl, T{D) - \d1, T{E) - A^l, T{F) - Xpl form an irreducible 
representation o/so(4). 

Proof. First, note that the commutator of operators corresponded to the opposite 
vertices commute with operators corresponded to other four vertices. It commutes 
with all six operators because they may be expressed as commutators of the least 
four operators. So the commutator of operators corresponded to the opposite ver- 
tices belongs to the center of the Lie algebra generated by the all six operators. Let 
us factorize this Lie algebra by the center. Such quotient is isomorphic to so (4) 
(one uses the fact that formulas for commutators of all six operators are known up 
to the center of q). The statement of the theorem is a consequence of this result 
and the fact that any central extension of the semisimple Lie algebra is trivial (i.e. 
may be splitted - see f.e.[17]) □ 

The construction of the Octahedron Lie composite may be generalized on the 
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certain class of polyhedra. However, any analogs of the Proposition are not known 
for such general case. 

Example 2 (The Witt composite) [5]. Let to be the so-called Witt algebra, 
which is a subalgebra of the complexification CVect(§^) of the Lie algebra Vect(§^) 
of the smooth vector fields on a circle [18]. The Witt algebra to consists of all 
polynomial vector fields and admits a basis {k E Z) with commutation relations 
[ei^Cj] = {i — j)ei+j. The Virasoro algebra Ctilr [19] is one-dimensional nontrivial 
central extension of the Witt algebra. 

Let us consider two subalgebras p± of to generated by with i > —1 and i < 1; 
note that n p_ = sl{2,C). The triple (rD;p+,p-) is a dense connected Lie 
composite. 

Each representation of the Virasoro algebra defines a representation of the Witt 
composite in the same space. The reciprocal statement is not correct, of course, 
what is shown by the following theorem. 

Theorem lA. The action of the Lie algebra st(2, C) in any Verma module Vh (h 
is the highest weight) may he extended to the representation of the Lie composite 
(rD;p_|_,p_) and, hence, to the composed representation of the Witt algebra tn. 

Proof. The Theorem follows from the explicit formulas for the spin 2 tensor opera- 
tors in the Verma modules over the Lie algebra sl(2, C) (gij-conformal symmetries), 
which realize a representation of the Witt composite. □ 

Remark 1. The construction of the Witt composite may be generalized on the 
Riemann surfaces of higher genus in lines of I.M.Krichever and S.P.Novikov [19]. 

Remark 2. Generalizing the terminology of [1,3] one may say that the spin 2 tensor 
operators (i.e. the q-i^-conformal symmetries) in the Verma modules over the 
Lie algebra sl(2, C) form the set of hidden symmetries, whose algebraic structure is 
one of the Witt composite. 

Note that if the hidden symmetries realize a representation of the Lie composite 
they should not be unpacked (a similar situation appears also in the case of the 
isocommutator algebras of hidden symmetries and the related Lie g-bunches [3:To- 
pic 3;1:§2.1]). 

Example 3. Let xo be the Witt algebra and (tti;p±) be the Witt composite. Let 
us consider the abelian extension tn^ of the Witt algebra by the generators /j 
{i e Z) such that [e^, fj] = jfj. The subalgebras p± of tt) may be extended to the 
subalgebras p^ of tt)^ by the generators /i, where i > and i < 0, respectively. The 
triple {vo^;p%) form the extended Witt composite. 

Theorem IB. The representation of the Witt composite in any Verma module 
Vh (h is the highest weight) over the Lie algebra sl(2, C) may be extended to the 
representation of the Lie composite (tn^; p^) and, hence, the composed represen- 
tation of to in Vh may be extended to the composed representation oftv'^. 

Proof. The additional generators fi are represented by the tensor operators of spin 
1 (the components of a decomposition of the qR-aSine current [7]), namely, fi i— > 9* 

(i > 0), ^ ^ \^+2fe)...(l+2fe+i-l) ^ 1) ° 

Remark 3. It is very interesting to consider the composed representations of the 
real semisimple Lie algebras g, which unduce representations of some natural subal- 
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gebras (for instance, of two opposite maximal parabolic subalgebras or two opposite 
Borel subalgebras, perhaps plus some s[(2, C) imbed into g, etc.). 

Remark 4- Composed representations of other algebraic structures (isotopic pairs) 
were considered in the author's article [20]. 

Thus, we established in the second paragraph that the gi^-conformal symmetries 
may be regarded as a realization of the same algebraic structure (the Witt algebra 
or the Virasoro algebra) as for the conformal symmetries, however, with a new 
understanding of the operation of 'representation' itself. Thus, it is natural to 
formulate a question what 'to represent' means and what feautures should the 
nonstandard representation have to allow to operate with them as with standard 
ones, and how to receive new unknown types of representations from the constructed 
ones. All these questions are a subject of the following paragraph, which will have 
a rather formal mathematical character being far from the initial formulation of 
the problem from the nonlocal quantum field theory. 

3. Categorical representation theory and qfi^-coNFORMAL 

SYMMETRIES: COMPOSITE AND OVERLAY REPRESENTATIONS 

3.1. Elements of the categorical representation theory [6]. We shall con- 
sider the representations of classes of objects, which constitute a category, which 
will be called the ground category. The categorical aspects of the standard rep- 
resentation theory were discussed in [16]. Some categorical generalizations were 
described in [21]. However, we shall formulate the most abstract settings, which 
are necessary for our purposes. 

Definition 2A. A representation theory for the ground category A is a, contra- 
variant functor R from the category A to the category AB£C of all small abelian 
categories. 

Sometimes one should consider the category AW of all small additive categories 
instead of AB£jC. However, we shall consider the least category for simplicity. 

Often the ground category has some good properties, e.g. that for any finite 
family of objects there exists their coproduct, which coincides with their product. 
Such situation is realized for Lie algebras. Lie groups, finite groups, associative 
algebras, Hopf algebras and many other structures. However, the isotopic pairs (see 
f.e.[l:§2.2;19]) and the most of other algebraic pairs do not form a category of such 
type. For the ground category A, in which products and coproducts of finite number 
of objects exist and coincide, we shall claim in the definition of representation 
theories that an associative family of imbeddings R{a) x R{b) > R{a + h) (a and h 
are any objects of the ground category A) is defined. Such representation theories 
will be called quasitensorial. 

Remark 5. If an object a of the ground category A admits a coassociative mono- 
morphism e into a + a then R{a) is a tensor category iff the representation theory 
R is quasitensorial. 

There exist non-quasitensorial representation theories even for the well-known 
categories of the represented objects, e.g. general 7Y5-projcctive representations of 
Lie algebras [5] or unitary 7i»S-pseudorepresentations of Lie groups are out of this 
class. 
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Definition 2B. A representation theory for the ground category A is called homo- 
morphic iff there exists a subcategory Aq of A { the target subcategory) such that for 
any object a of ^ the category R{a) may be identified with the category Mor(a, ^o) 
of all (equivalence classes of) morphisms from a to the objects of the category ^o- 

For instance, theories of all linear, projective, unitary representations of Lie 
groups are homomorphic. Note that the target category is always an additive 
subcategory of the ground category A. 

Definition 2C. A representation theory for the ground category A is called hid- 
denly homomorphic iff there exists a homomorphic representation theory R' for a 
category /C and a functor (multi- valued in general) g : A^ K, such that R= R' o g. 

Below we shall consider some examples and general constructions of the hiddenly 
homomorphic representation theories for the ground category jCT£ of the Lie algeb- 
ras inspired by the considered above solution of the inverse proble, of representation 
theory for gjj-conformal symmetries in nonlocal quantum field theory, which arc 
not homomorphic, and describe their interpretations in terms of the categorical 
representation theory. 

3.2. Composed representation theories [6]. Let us formulate an abstract 
categorical setting for the construction of the composed representations defined in 
the second paragraph. 

Definition 3A. Let ^ be a topologized ground category (i.e. supplied by a struc- 
ture of the Grothendieck topology [22]). Let i? be a representation theory for A. 
The composed representation theory C{R) for A may be constructed in the following 
manner. Let a be an object of the ground category A and S = {si, S2, ■ ■ ■ Sn) 
{si G Mor(ai, a)) be a cover of a then the objects of the category C{R){a) consists 
of all data (fei, ^2, • • • bn), bi G R{ai) such that for any object c and monomorphisms 
/ G Mor(c, a) and /j G Mor(c, ai) {f — Si o /j) the equality {the composite glueing 
rule) 

R{f,)*{b,) = R{fj)''{bj) 
holds. The morphisms in C{R){a) are defined in the same manner. 

For any representation theory R the composite representation theory C{R) is a 
sheaf of abelian categories over the topologized ground category A [22] . It is a sheaf 
canonically constructed from the pre-sheaf R over the topologized ground category 
A (note that the representation theory for the topologized ground category A is 
just a pre-sheaf over it). 

Theorem 2 A [6] . The composed representations of Lie algebras form a composed 

representation theory C{R), where R is a standard representation theory of Lie 
algebras (the covers of the Lie algebras are defined by the dense connected Lie com- 
posites). 

Note that the Grothendieck topology of the Theorem 2A differs from the usual 
one [21]. 

Remark 6. If R is the standard representation theory then the theory C{R) is 
hiddenly homomorphic, the category IC is one of the Lie composites, the category 
/Co consists of Lie algebras End(iy) for all linear spaces H. i.e. just the same 
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as for a homomorphic standard represntation theory. However, if i? is a general 
representation theory C{R) is not obhgatory hiddcnly homomorphic. 

I suspect that the concept of the hidden homomorphicity of the composite rep- 
resentation theories may be somehow understood in terms of the topos theory [22] . 

Remark 7. C{C{R)) = C{R). 

3.3. Overlay representation theories [6]. The disadvantages of the composed 
representation theory is clearly explicated on the examples of the composed repre- 
sentations of the Witt algebras by the hidden infinite dimensional (q'ij-conformal) 
symmetries in the Verma modules over the Lie algebra $1{2,C). First, the tensor 
product of a finite number of these irreducible composed representations is irredu- 
cible. This fact contradicts to the naive intuition. Second, the hidden symmetries 
do not form any representation themselves whereas intuitively they should form 
the adjoint representation. From the point of view of the mathematical physics 
all this disadvantages are essential because they do not allow to use effectively the 
apparatus of representation theory for the analysis of processes of decay, synthesis 
and interaction of quasiparticles in 2D nonlocal field theory. 

So one needs some generalization of the composed representations. Let us define 
the operator Lie composites LC(if) as the sets of subspaces End{Hi) in the spaces 
End(iif) {H = Hi + . . . + Hm) with the natural structures of Lie algebras. 

Definition 4. 

A. An overlay representation of the Lie composite D in the space H is the ho- 
momorphism T of D into the operator Lie composite LC{H). 

B. Let be a Lie algebra. A linear mapping T : g i— > End(if) is called the overlay 
composed representation (or simply overlay representation) of q in the linear space 
H iff there exists a set 0i, . . . ,0n of the Lie subalgebras of g, which form a dense 
connected composite and T is its overlay representation. 

Remark 8. The overlay representations of any Lie algebra q form a tensor category. 
The overlay representations solve the previously described difficulties. 

Theorem IC [6]. The tensor operators of spin 2 in the Verma modules Vh over 
the Lie algebra sl(2,C) form an overlay representation of the Witt algebra, which 
are subrepresentations o/End(V'^). 

Remark 9. The tensor operators of any natural spin n in the Verma modules Vh over 
the Lie algebra 5l(2, C) (described completely in [7]) form overlay representations 
of the Witt algebra, which are subrepresentations of End(V/i). 

Let us formulate the natural categorical settings for the construction of overlay 
representations. 

Definition 3B. Let ^ be a topologized ground category. Let i? be a homomorphic 
representation theory for A with the target subcategory supplied by the Gro- 
thendieck topology induced from A. The overlay representation theory 0{R) for 
A may be constructed in the following manner. Let a be an object of the ground 
category A and S = (si, S2, ■ • ■ Sn) (si G Mor(ai, a)) be a cover of a then the objects 
of the category 0{R){a) consists of all data (ri,r2, . . .r^), G Mor(a,6i), hi are 
objects of the target subcategory Aq, which form a cover of the object b of the same 
subcategory by the monomorphisms ti G Mor(6j,6), such that for any subobject 
{c;p] of a (p G Mor(c, a)) the equality (the overlay glueing rule) 

ri{{ai;si] n (c;p]) fl {bj;tj] = {bi;ti\ n rj{{aj; sj] fl (c;p]) 
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holds. The morphisms in 0(J?)(a) are defined in the same manner. 

However, I do not know a definition of the overlay representation theory 0{R) 
for the representation theory R, which is not homomorphic. Note that 0{R) is not 
a sheaf of abelian categories over A in general, and I do not know an abstract sheaf 
theoretical characterization of the overlay representation theories. 

Remark 10. The overlay representation theories 0{R) being defined for the homo- 
morphic representations theories R are hiddenly homomorphic. 

Theorem 3B [6]. The overlay representations of Lie algebras form an overlay 
representation theory 0{R), where R is a standard representation theory of Lie 
algebras (the covers of the Lie algebras are defined by the dense connected Lie com- 
posites and the target subcategory Aq consists of all Lie algebras End(i7)J. 

Note that the Grothendieck topology of the Theorem 3B differs from the usual 
one. 

Remark 11. (A) If i? is a homomorphic representation theory for the ground ca- 
tegory A then for any object a of ^ the category C(i?)(a) is a subcategory of 
0(i?)(a). (B) C(0(i?)) = 0{R). 

Thus, the symmetry aspects of 2D nonlocal field theory, which is the simplest 
deformation of conformally invariant theory with one free bosonic field, are consi- 
dered in the article (§1). The inverse problem of representation theory is solved for 
^i^-conformal symmetries, which are the infinite dimensional hidden symmetries 
of the theory (§2). Based on the abstract categorical representation theory the 
mathematical apparatus sufficient for applications of symmetry methods to inves- 
tigations of processes of synthesis, decay and interaction of quasiparticles in the 
models of 2D nonlocal quantum field theory is developed (§3). 
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APPENDIX: THE ORIGINAL RUSSIAN VERSION OF ARTICLE 



gi?-KOH*OPMHt.IE CHMMETPHH B HByMEPHOH 
HEJIOKAJIbHOil KBAHTOBOil TEOPHH HOJIil, KATEPOPHAH 
TEOPMH nPEJICTABJIEHMM M AJIPEBPA BMPACOPO 

JI.B.IOpBeB 

IleHTp MaTeMaTHMGCKoe (|)H3hkh h HHcjiopMaTHKH "Tajiacca BTepHfl", 
yji.MHKJiyxo-MaKJia,H 20-180, MocKBa 117437 Pocchh. 
E-mail: denis@juriev.msk.ru 

q-alg/9712009 

Pe3K»Me. B pa5oTe pccMOTpeHM cHMMeTpweHMe acneKTU ^ByMepHoe neJioKaJitHoe le- 

opHH nojiH, HBJiiiiomeecH npocTeeinee ^ecfjopMaiiHee KOH(|)opMHO-HHBapHaHTHoe KeaHTOBoe 
TBopHH nojifl c OAHHM CBo6o/i,HbiM 6o30HHi>iM uojieM. PemeHa oSpaTHaH sa^a^a TeopHH 

npeflCTaejieHHe flJIfl KOH(j)OpMHIJX CHMMeipHe, HBUHKimHXCfl 6eCKOHe^HOMepHBIMH cKpu- 

TbiMH CHMMGTpHHMH yKasaHHOG TGopHH. Ha 6a3e a6cTpaKTHoe KaTeropHoe Teopuu npe^- 
CTaBjicHue pasBHT MaieMaTH^iecKHe annapai, ^ocTaTo^iHbie ahii npHMeHCHHii cuMMexpHe- 
HMx MCTO^iOB K Hsy^eHHio npoBieccoB cHHTesa, pacnafla h BsaHMOfleecTBHH KBasH^iacTHri; 
B MOflCJiflx flByMepHoe HeJioKaJitHoe KBaHioBoe TeopHH hojih. 



HaHHaii paSoTa, nocsiimeHHaii o;i;HOMy h3 acneKTOB oSpaTHoe sa^^a^H Te- 
opHH npe;i;cTaBJieHHe [1], a/tpecoBana KaK cnernnajiHCTaM b MaxeMaTHMecKoe 

(|)H3HKe H npHKJia^Hoe MaieMaTHKe, saHHMaiomHXCH anajiHSOM ckpl.itl.ix chm- 
Mexpne b KBaHTOBO-noJieBBix Mo^ejiax, KJiaccHi^ecKHx h KBaHTOBbix ^HnaMH- 
MecKHx H ynpaBJiaeMBix cHCTeMax, TaK h MaTeMaTHKaM-ajireSpancTaM, HHTe- 
pecyiomHMCii TBM, KaKHe noBue CTopoHu xeopHH npe^^cxaBJieHHe BCKpuBaiOT- 
Cii npH HCCJie/i;oBaHHH KOHKpeTHLix Mo;i;ejiee h chctcm. HsjiOKenne MaTepnajia 
npecjie^yex, b ochobhom, ijejiL. noKaaaTL., KaK npn anajiHse KOKKpeTHbix cKpBi- 

TL.IX CHMMCTpHe B03HHKaiOT HeO>KH/l,aHHL.ie MaTCMaTHMeCKHe oSTjCKTL.! h b Ka- 

Koe CTeneHH coBpeMeHHbie ^ocTaTOMHo aScTpaKTHbie MaTeMara^ecKHe KOHLten- 
ii;hh (TeopHii KaTeropne, TonojiorHH FpoTeH^^HKa, xeopHii ny^iKOB h TonocoB) 
MoryT SbiTb cyniecTBeHHL.! npn ocMbicjienHH CHMMeTpneHbix acneKTOB 3a;i;a^ 
MaTeMaTHMecKoe (^usukw.. B ^aHHoe cbhsm Bnojine yMecTHO nanoMKHTB, mto 
HHHiiHaTHBa pacKpbiTHH no^oSHBix npHJio>KeHHe coBpeMeHHoro "KaTeropHO— 
ajireSporeoMeTpHMecKoro" annapaTa k BonpocaM TeopeTHMecKoe h MaTeMa- 
THMecKoe (|)H3HKH npHHa;i;jie»;HT lO.H.MaHHHy (cM.Hanp.[2]). 

OSpaTHaii 3a;i;aMa xeopHH npe;i;cTaBJieHHe saKjno^aeTCii b BoccTanoBJienHH 
aScTpaKTHoro MaTeMaTHMecKoro oST^eKTa (hjih ero xapaKTepncTHK) no kohk- 
peTHoe peajiH3aLi;HH, nanpHMep, no 3a^aHHoe coBOKynnocTH MaTpHn; hjih on- 
epaxopoB B SecKoneMHOMepnoM npocTpancTBe [1]. TaK coBOKynnocTH Bcex 
BemiecTBeHHLix KOCOCHMMeTpn^ecKHx MaTpnn; n x n mo>kho conocxaBHTB aji- 
reSpy JIh 5o(n, R). Bojiee cjio>KHBie npHMepBi, paccMaTpHBajiHCB, nanpHMep, 

B [1,3]. 

HacTO oSparaaa 3a^aMa Teopnn npe^CTaBJienne no^pa3yMeBaeT noHCK ne- 
KOToporo npe^CTaBHTejia h3 (|)HKCHpoBannoro KJiacca aScTpaKTnBix ajireS- 
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paHMecKHx CTpyKTyp (nanpHMep, ajireSp JIh hjih accoii;HaTHBHi>ix ajireSp 

C KBa^paTHMKblMH COOTHOmCHHHMH) HO erO Hpe^CTaB JieHHIO , npH 3TOM, MTO 

TaKoe npe/iCTaBJieHHe ajireSpaHMecKoro oSi-eKTa h3 sa^jaHHoro KJiacca yjKe 
onpe^ejieHo. IIpH pemeHHH no^oSnoe oSpaTHoe sa^a^H BosHHKaiOT, KaK npa- 
BHJio, ^^ocTaTOMHO HHTepecHbie HOBbie MaTeMaTH^iecKHe oSteKTBi. Ha 3tom 
nyTH Smjih BbiaBJieHbi, nanpHMep, KBaHTOBbie rpynnfci [4]; neKOTopbie Apyrne 
HJiJiiocTpaiiMH (ajireSpBi PaKa-BHrnepa, 13— ajireSpti, ajireSpBi CKJiiiHHHa h 
T.^.) co/i;ep>KaTCH b [1,3]. 

O^HaKO, oSpaTHaa sa^a^^a TeopHH npe^CTaBJieHHe Mo»ceT Sbitb paccMOT- 
pena h b ^pyroM paKypce. By^eM npe^^nojiaraTb, mto aScTpaKTHue oSteKT 
npHHa/i;jieH<;HT ^ocTaTO^HO npocTOMy KJiaccy CTpyKxyp, nanpHMep, iiBJiiieT- 
CH aJireSpoe JIh, ho caM cnocoS npe^CTaBJieHHa OTJiHT^en ot CTaH^apTHoro. 
noAoSnafl nocTanoBKa sa^aMH SbiJia c(|)opMyjiHpoBaHa b [5]. KoHe^HO }Ke, 
MeTo^ojiorHMecKH nepexoA k HOBOMy panypcy osHa^^aeT cMeny noncKa no^o- 
Shh Me>K;iy KOHKpeTHLiM H aScTpaKTHMM oSteKTaMH (roMOMop(|)HOCTH nepBoro 
BTopoMy) Ha anajiHS bo3mo>khocth npe/i;cTaBJieHHii BToporo nepBLiM. 9to 
npe^nojiaraex xaK hjih HHa^^e Bonpoc o tom, mto TaKoe npe^CTaBJieHHe h mto 
SHa^^HT npe^CTaBJiHTL.. KaK cjie/iCTBHe, npnBJieMeHHe aScTpaKTHoro ajireS- 
paHMecKoro annapaia TeopHH KaTeropne npe^CTaBJiiieTCH pasyMHbiM, ^^to h 
SbiJio c^ejiano b [6]. TaKHM oSpasoM, ;;aHHaH CTaTbji, nocBjimeHHaii TOMy, 
KaK ajireSpa Enpacopo (Sojiee tomho, ajireSpa BnTxa, ii;eHTpajibHbiM pacniH- 
peHHeM KOTopoe ajireSpa Bnpacopo HBJiaeTca) BOSHHKaeT npn npHMeneKHH 
KaTeropHoe Teopnn npe^CTaBJieHHe k anajinsy gfl-KOH(|)opMHbix cHMMeTpne b 
AByMepnoe nejiOKajiBHoe gij-KOH(|)opMHoe Teopnn nojiji, npe^CTaBJiaeT co5oe 
CHCTeMaTH^iecKoe H3Jio>KeHHe MaTepnajia gjieKTpoHHbix npenpHHTOB [5,6]. 

1. gij— KOH(J)OpMHbie TeopHH no JIH H Q'ij— KOH())OpMHbie CHMMCTpHH [7] 

CneKTp nojiee npocTeemee Mo^ejin KOH({)opMHoe TeopHH nojia nopojK^aeTca 

O^HHM CBOSO^HMM 5o30HHL.IM HOJieM H, TaKHM o6pa30M, COCTOHT H3 COCTaB- 

Hbix noJiee, noJiyi^eHHbix npn noMoin,H HopMajitno ynopa^oi^eHHoro noTO^^eM- 
Horo npoH3Be;5eHHii nocToeHHoro no CBoSo^noMy nojiio TOKa (cm. oSmyK) 
KOHCTpyKii;HK) nocTpoeHHii TOKa no nojiK) $y5HHH-Benen;Hano b [7]) na ceSii 
Kone^^Hoe t^hcjio pa3. OcTajiL.HL.ie mo^cjih KOH{|)opMHoe Teopnn uojin, nonHoe 
onncanne KOTopbix ^ano b [8] , noJiy^aiOTca npn nepexo^e k hcckojibkhm cbo- 
5o;^HbiM nojiHM (t.h. npe^CTaBJieHHc cboSo^hbix nojiee [9]). 

Mo^ejib c o^nHM cboSo^^hbim 5o30HHbiM nojieM onHCbmaeTCii jiarpaH>KHanoM 



r^^e HnTerpHpoBanne Be^eTCii no BnyTpennocTH KOMnjieKcnoro /incKa. C Mno- 



r^e ii;;po Kh{z,z) npe^CTaBJiiieT coSoe ^yuKnnTO BeprMana mbtphkh JloSa- 
MCBCKoro B e^^HnHMHOM KOMnjiCKcnoM ^HCKe: 



L = 




THx TOMCK 3penHii (KaK TeopeTHMecKHx, TaK H TexHHMecKHx) nojie3HO paccMaT- 
pHBaTb nejiOKajibnyK) ;5e(|)opMaii;HK) (cp.[10]) 3Toe mo^^cjih c nejiOKajibntiM 
jiarpaH>KHaHOM 




Kh{z,z) = (1 - zz) 



-2-2h 
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B CHJiy ^lero nejiOKajibHbie JiarpaH>KHaH OKasbisaeTCii HHsapHaHTHbiM othoch- 

TeJibHO Bcex McSnycoBbix (^po5HO-JiHHeeHbix) npeoSpaaosaHHe KOMnjieKCHoro 
^HCKa. Otmcthm, mto jiarpaH>KHaH CBoSo^Horo 5o30HHoro nojia L{ip) no- 
jiy^iaeTCH hs HejioKajibHbix jiarpaH>KHaHOB npe^ejibHbiM nepexo^oM h — > 
oo. Mo;i;ejiH ^^ByMepnoe KBaHTOBoe xeopHH nojiii c jiarpaH>KHaHOM (h ec- 

TeCTBeHHLIMH HeJIOKaJIBHMMH CKoSKaMH IlyaCCOHa, KBJiepOBLIM nOTeniXHaJIOM 

OTBe^aiomee kotopbim K9JiepoBoe mctphkm cjiyjKMT jiarpaH>KHaH Lh) hbjihiot- 
CH npocTeeniHMH Mo^eJiHMH neJiOKajiBHoe TeopHH, h b to >Ke caMoe BpeMa ohh 
oSjia^aiOT HHTepecHoe h neTpHBHajiBHoe BHyTpeHnee ajireSpaHi^ecKoe CTpyK- 
Typoe. 

Ha iiSbiKe onepaTopHoro (|)opMajiH3Ma KBanTOBoe TeopHH nojiii yKasanHBie 
HejioKajiBHBie mo^cjih nocjie rojioMop{|)Ho-aHTHrojioMop{|)Hoe (KHpajiBHoe) ^a,K- 

TOpH3aB,HH SbIJIH paCCMOTpeHBI B paSoTC aBTOpa [7] H HaSBaHBI gij-KOH({)OpM- 

HbiMH TeopHHMH HOJiH {qr = 2h-i ) ' KoMHOHeHTBi onepaTopHbix HOJiee Qr- 
KOH(|)opMHBix Teopne nojiii, KOTopue HHBapHaHTHM OTHOCHTejiBHO Bcex KOMn- 
jieKCHLix npoeKTHBHLix npeoSpasoBanne C(|)epBi PHMana, /i;onycKaiOT peajiHsa- 
iIHio TeH3opHBiMH onepaTopaMH B Mo^yjiax BepMa na^ aJireSpoe Jim s[(2, C) h, 
KaK cjie/iCTBHe, aanncBiBaiOTCfl (oSoSmeHHBiMH) /iH(|)(|)epeHii,HaJiBHBiMH onepa- 
TopaMH, noaTOMy MHorne safl^a^u TeopHH nojia jxjih sthx Mo^ejiee ^onycKaiOT 
anajiHTH^iecKoe hjih ^iHCJieHHoe pemenHa, npn 3tom (|)opMyjiHpoBKa hx pas- 
HOCTHbix (pemeTO^Hbix) annpoKCHManiHe ne npe/i;cTaBJiaeT Tpy;i;a (nanpHMep, 
sa^a^a HHTerpHpoBaHna KBaHTOBo-nojieBoro BOJi^Ka, paccMaTpHBaBinaaca /i;jia 
KOH(|)opMHBix Teopne nojia b [11] h /iJia gi^-KOH(|)opMHL.ix Teopne b [12]). 

Ba>KHoe ocoSeHHOCTBio /tByMepHbix koh(|)opmhbix Teopne nojia aBJiaeTca 
HajiH^iHe SecKOHe^Hbix ^^onojiHHTejibHbix CHMMeTpne, onHcuBaeMbix ajireSpoe 
BnTTa HJIH ee ixeHTpajibHbiM pacmnpeHHeM — ajireSpoe Enpacopo Coir [13]. 

9th CHMMeTpHH HOaBJiaiOTCa KaK KOMnOHeHTBI pa3JIO>KeHHa (KHpaJIBHO 4>aKTO- 

pHSOBaHHoro) TeH3opa gneprHH-HMnyjiBca, KBa/ipaTa cboSo^hoto Sosohhoto 
nojia (Sojiee to^ho, nocTpoeHHoro no neMy TOKa). AnajiorH npe^CTaBJieHHa 
CBo5o;^Hbix nojiee npe;i;cTBajieHHa cboSo^^hbix nojiee h Tensopa sneprHH-HM- 
nyjibca b gi^-KOH(|)opMHOM cjiy^ae Sbijih no;i;po5HO Hsy^eHbi b paSoTe [7] . Tan 
g7^-KOH(|)opMHBie TeH3op 9HeprHH-HMnyjiBca aBJiaeTca npoHSBO^amee (^ynKmi- 
ee TeH3opHBix onepaTopoB cnHna 2 b Mo/iyjie BepMa na/i, ajireSpoe JIh sl(2, C). 
EcjiH Mo^Jib BepMa Vh {h - aKCTpeMajiBHbie Bee [14]) na^ 3Toe ajireSpoe 
peajiHSOBan b npocTpancTBe MHoroMJienoB Cfz] ot o;i;Horo KOMnjieKcnoro ne- 
peMeHHoro z, a ^eecTBHe renepaTopoB Lj [i = —1,0,1; [Lj,Lj] = (i — j)Li^j) 
ajireSpLi JIh sl{2, C) b hcm sanHSUBaeTca b bh^^c 

L-i^z, Lq ^ zdz + h, Li^zdg+2hdz, 

TO KOMnoneHTBi Qfij— KOH(|)opMHoro Tensopa aneprHH-HMnyjibca (gi?— KOH(|)opM- 
Hbie CHMMeTpHH) HMeiOT bh;^: 

^ = zd^. 

Q'ij— KOH(J)opMHbie CHMMeTpHH oSpasyiOT SecKOHe^^Hoe ceMeecTBO. Bbiji npe^- 
npHHaT pa^ nonuTOK pemHTb o5paTHyio sa^a^y Tcopnn npe^CTasjieHHe ;^Jia 
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HHx, T.e. BbiHBHTb Hx ajireSpaHMecKyio CTpyKxypy. 0;i;Ha h3 noni>iTOK onHca- 
Ha B paSoTC [7], cc peayjibxaTOM hejihctch accoijHaTHBHaH ajireSpa C\)h{qn), 
anajior HejiMHeenoe 5(2 paSoTBi [15]. Zlpyroe noffx.ofl, Sbiji HaMeMCH b sjieKT- 
poHHOM npenpHHTe [5] h pasBHT b c^aHHoe b ne^iaTb paSoTe aBTopa "HphSjih- 
>KeHHbie npeACTaBJieHHii h ajire6pa Enpacopo" . KaK 5bi to hh Sbijio, ocTaeTCii 
Heo5xo;i;HMOCTb ;i;ajibHeemero noHCKa hhmx nyxee pemeHHii oSpaTHoe sa^a^H 
TeopHH npe^cTaBJieHHe ^jih q'ij-KOH{|)opMHL.ix cHMMCTpHe. Cjie^yiomne napar- 
pa(|) nocBamen onHcaHHio o^noro hs B03M0H<Hbix BapnaHTOB. 

2. AjireSpan^ecKELH CTpyKTypa gi?— KOH(j)opMHij:x CHMMCTpHe 

Onpe/ipjieHHe 1 [5]. 

A. JlHHeenoe npocTpancTBO D HasbmaeTCJi aucbckum KOMnommoM, ecjiH b 
HeM (|)HKCHpoBaHLi no;i;npocTpaHCTBa Di,...t)n (dimOi > 1), CHa5>KeHHbie co- 

rjiacoBaHHbiMH cxpyKxypaMH aJireSp JIh. CorjiacoBaHHOCTL. osHai^aeT, t^to b 
KaJK^OM no/inpocTpaHCTBe Di fl Vj KoppeKTHO onpe/tejiena o/tna h Ta >Ke CTpyK- 
Typa ajireSpbi JIh, HH^yiiHpoBaHHaa hs 0^ hjih hs t)j, T.e. BJio»ceHHH DiflDj b Dj 
H t>j cyTb BJio>KeHHii ajireSp JIh. JlneBCKHe komhosht HasbmaeTCii nAomnuM, 
ecjiH Oi l±l . . . I±l On = (3/i;ecb l±l oSosna^aeT cyMMy jinneeHBix npocTpancTB). 
JlneBCKHe komhosht HasbmaeTCH ce^anuM, ecjiH ^Jia jiio5l.ix i u j cymecTByeT 
nocjie/iOBaTejibHOCTL. fci, . . . (ki = i, k^ = j) TaKaa, mto 0^, fl 7^ 0- 

B. IIpedcmaejieHueM jineBCKoro KOMnosHTa b npocTpancTBe H nasbiBaeT- 
Cii JlHHeenoe OTo5pa>KeHHe T : tj 1— > End(iy) TaKoe, mto Tj^ — npe;];cTaBJieHHe 
ajireSpbi JIh 'Oi npn jiioSom BbiSope i. 

B. IlycTL. g - aJireSpa JIh. JlnneeHoe OTo5pa>KeHHe T : g 1-^ End(i7) Hasbi- 
BaeTCH KOMnoauniHUM npedcmaejieHueM q b jinneeHOM npocTpaHCTse i7, ecJiH 
cymecTByeT MHOH<ecTBo fli,... ,gn no^ajireSp JIh ajireSpti g, oSpasyiomnx 
njiOTHbie CBiiSHbie jineBCKne komhosht, h T — ero Hpe;];cTaBJieHHe. 

npHBo;];HMocTt. H HenpHBo^HMocTB, pasjio>KHMocTL. H HepasjiojKHMocTb Hpe^- 
CTaBJienne jineBCKoro KOMnosHTa, a Taicace ecTecTBeHHLie onepari;HH Ha;^ hhmh, 
onpeAGJiiiiOTCii TaK >Ke KaK h ajireSp JIh [16]. Mo>kho C(|)OpMyjIH- 
poBaTL. cynepanajior onpe^ejieHHH 1. CoBOKynHocTL. npe^CTaBJieHHe ({)hkch- 
poBaHHoro JineBCKoro KOMnosHTa saMKnyTO OTHOCHTeJitHO TensopHoro npoHS- 
Be^eHHH H, cjie/i,OBaTejiL.Ho, ^onycKaeT CTpyKTypy menaopnoe Kamezopuu [16]. 

UpuMep 1 (OKmaadpuuecKue AueecKue KOMno3um [5]). PaccMOTpHM oKTas^p c 
BepniHHaMH A, B, C, D, E, F, peSpaMH {AB), {AC), {AD), {AE), {BC), 
{BF), {CD), {CF), {DE), {DF), {EE), h rpaniiMH {ABC), {ACD), {ADE), 
{AEB), {BCF), {CDF), {DEE), {EBF). BycTb - mecTHMepnoe jinneeHoe 
npocTpaHCTBO c SasHCOM, saHyMepoBaHHbiM BepniHHaMH OKTaa^pa, Di, 02, 03, 
O4 - HCTBepKa TpexMepHMx no^npocTpancTB b D, OTBeT^aioia,HX rpanHM {ABC), 
{ADE), {CDF), {EBF). Bee no^npocTpancTBa Oj cnaS^HM CTpyKTypaMH 
ajireSp JIh, hsomop(|)hlix ajireSpe 50 (3) (bth CTpyKTypu ;i;oji>khli Smtb corjia- 
coBaHM c opneHTaniHiiMH rpanee). IliiTepKa (0,01,02,03,04) iiBJiiieTCii hjiot- 

HblM CBilSHbIM KOMHOSHTOM. 

EEpe^jioaceHHe. Ilycmb T - npouseoAhuoe npedcmaeAenue AueecKozo komuosu- 
ma (o; Di, D2, O3, O4) e KoneuHOMepHOM AuneeHOM npocmpaHcmee H, mozda H 
HadeAfremcfT cmpyKuiypoe npedcmaeAeHUfr aAzedpu JIu so(4). Ecau T - nenpu- 
eoduMoe npedcmaeAenue, mo cyw^ecmeyiom eew^ecmeeHuue hucag Xa, Xb, Xc, 
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^D, ^E, maKue, nmo onepamopu T{A) — Xa^, T{B) — XbI, T{C) — A^l, 
T{D) — A^l, T{E) — Xe^, T{F) — Xpl oSpasyiom nenpueoduMoe npedcmaeAenue 

50(4). 

JJoKasameAbcm^eo. Bo-nepsMX, OTMeraM, mto KOMMyTaTop oncpaxopoB, OTse- 
MaroniHx npoTHBonoJiOKHBiM BepniHHaM, KOMMyTHpycT c onepaTopaMH, OTse- 
Maioin,HMH ^GTbipeM ^pyrHM BepmHHaM. KaK cjie^CTBHe, oh KOMMyrapyeT co 
BceMH mecTbio onepaTopaMH, npe;i;cTaBJiiiioiii;HMH renepaTopbi OKTaa^^pH^iec- 
Koro jiHeBCKoro KOMnosHTa, nocKOJiBKy ohh Bi»ipa>KaiOTCii ^epes KOMMyTaTopLi 
ynoMaHL.iTL.ix Bbime ^exbipex onepaxopoB. HxaK, KOMMyTaxopbi onepaTopoB, 
OTBeMaioniHx npoTHBonojio>KHL.iM BepmHHaM OKTas/ipa, jie>KaT b Li,eHTpe aji- 
reSpbi JIh q, nopo3*c^eHHoe bccmh mecTbio onepaTopaMH, npe^CTaBJiaiOLLi,HMH 
renepaTopLi KOMnosHxa. OT(|)aKTopH3yeM ajireSpy JIh g no n;enTpy. Ilojiy- 
^ennaii (|)aKTopajire5pa H30Mop(|)na so (4) (npn 3tom HcnojibsyeTca to, ^to 
({)opMyjiL.i ^JiH KOMMyTaTopoB Bcex mecTH onepaTopoB HSBecTHbi c tomhoctbio 
^o 9JieMeHTOB Li,eHTpa ajireSpBi JIh g). yTBep>K;ieHHe npe^Jio>KeHHfl ecTB cjie^- 
CTBHe 3Toro pesyjiBTaTa h toto (|)aKTa, ^to JiioSoe Li,eHTpajiL.Hoe pacmnpeHHe 
nojiynpocToe ajireSpu JIh TpHBHajibno (t.b. pacm;enHMO — CM.Hanp.[17]) □ 

KoHCTpyKiiHH OKTag^pHT^ecKoro JineBCKoro KOMnosHTa oSoSniaeTca na ne- 
KOTopBie ecTecTBeHHBie KJiacc nojins^poB, o^naKO, b o5ni;eM cjiy^ae anajior 
^OKaaaHHoro BBime npe^Jio>KeHHa HensBecTeH. 

UpuMep 2 (JIueecKue KOMnosum, Bumma [5]). IlycTB in - ajireSpa BnTTa [18] 
(no;];ajire5pa KOMnjieKCH(|)HKaLi,HH CVect(S^) ajireSpbi JIh Vect(S^) rjia^KHx 
BeKTopHLix nojiee na OKpy>KnocTH §^ , nopo>K;^ennaii bcbmh jiopanoBCKHMH nojiH- 
noMHajibnLiMH seKTopnbiMH hojihmh) c SasHcoM (A; e Z) h KOMMyTaLi,H- 
OHHBiMH coOTHomeHHHMH [ci^Cj] = {i — j)eiJ^j. AjireSpa Bnpacopo Coir [19] 
HBJiaeTCJi o^HOMepHbiM HeTpHBHajiBHBiM n;eHTpajibHbiM pacniHpeHHeM ajireSpbi 

BHTTa. 

PaccMOTpHM ;i;Be no;i;ajire5pbi p± ajireSpbi JIh tn, nopo>K;i;ennLie c i > — 1 

H Z < 1; OTMBTHM, ^ITO p+flp- = S((2, C). TpOeKa (ttJ; p-|.,p_) ilBJIiieTCil nJIOTHBIM 
CBH3HBIM JIHSBCKHM KOMnOSHTOM, KOTOpbie MBI Sy^^BM naSblBaTb KOMnOSHTOM 

BnTTa. 

JlioSoe npe.zi;cTaBJieHHe ajireSpti Bnpacopo sa^aeT npe.zi;cTaBJieHHe jineB- 
CKoro KOMnosHTa BnTTa b tom >Ke npocTpancTne. OSpaTnoe, Kone^no >Ke, 
nenepno, ^to noKasuBaeT cjie;^yioni;aH TeopeMa. 

TeopeMa 1 A. JJeecmeue aAzeBpu JIu 5l(2, C) e aio6om ModyAe Bepua Vh (h - 
aKcmpeMaAbHue eec) Mootcem 6umb odHomauHO npodoAOfceHO do npedcmaeAeHVjr 

jiueecKozo KOMnosuma Bumma (tr;p+,p_) u, cjiedoeamejibHO, do KOMnosumnozo 
npedcmaejienufr ajizedpu Bumma vo (u ajizedpu Bupacopo Coirj. 

JIoKaaameAbcmeo. yTBep>K.z];eHHe TeopeMbi cjie^ziyeT hs hbhbix ({)opMyji .hjih Ten- 
sopHBix onepaTopoB b Mo.ziyjie BepMa na^zi; ajireSpoe JIh s[(2,C) cnnna 2 {qr- 
Kon(|)opMnBix CHMMeTpne), KOTopbie h ocymecTBJiaiOT npe^CTanjienne jihcbc- 
Koro KOMnosHTa BnTTa. 

SaMeuanue 1. KoHCTpyKn;na jineBCKoro KOMnosHTa BnTTa oSoSniaeTca na pn- 
ManoBbi noBepxHocTn CTapninx po^oB b ^xe H.M.Kpn^eBepa n dl.HoBn- 
KOBa [19]. 
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SaMenanue 2. OSoSmaH TepMHHOJiorHio paSoT [1,3] mo>kho roBopHTb, ^ito 

TCHBopHbie onepaTopL.1 cnHHa 2 (t.b. g^j— KOH(|)opMHL.ie chmmctphh) b MO^yjiax 
BcpMa Vh Ha/i ajireSpoe JIh 5[(2,C) oSpasyiOT ceMeecTso ckpl.itl.ix chmmct- 
pne, TibH aJireSpaHMecKaa CTpyKTypa ecTL. CTpyKTypa JiHescKoro KOMnosHTa 

BHTTa. 

Otmbthm, ^ito ecjiH CKpbiTbie chmmbtphh peajiHsyiOT npe^^CTasjieHHe jiHes- 
CKoro KOMHOSHTa, OHH He TpeSyiOT "pacnaKOBbisaHHii" (noAoSnaii CHTyaii;Hii 
HMeeT MecTO b cjiy^^ae HsoKOMMyTaTopHbix ajireSp CKpbiTbix CHMMeTpne h 
jiHeBCKHX g-nyMKOB [SrTonHu, 3;1:§2.1]). 

IIpuMep 3. IlycTb to - ajireSpa BnTxa h (tt);p±) - JineBCKHe komhosht BnTTa. 
PaccMOTpHM aSejieBO (neiieHTpajibHoe) pacniHpeHHe ro*^ ajireSpbi BHTTa npn 
noMoniH renepaTopoB fi {i G Z) TaKoe, mto [ei,/j] = jfj. Ho^ajireSpL.! p± 
aJireSpbi JIh tt) MoryT 5l.itl. pacmnpeHBi no^aJireSp pj_ aJireSpbi JIh to^ 
renepaTopaMH /j, r^e i > h i < 0, cooTBeTCTBeHHO. Tpoena {yo^\p%) sa^aei 
pacniHpeHHbie komhosht BnTxa. 

TeopeMa IB. UpedcmaejieHue KOMnoauma Bumma e awBom Modyjie BepMa Vh 
(h - aKcmpeMajibHue eec) Had aAze6poe JIu sl(2,C) Moopcem 6umb npodoAOtceno 
do npedcmaeAenuH pacmupeHuozo KOMnoauma Bumma {yo^\p\) u, CAedoeameAb- 
no, KOMnosumHoe npedcmaeAenue aAzeSpu Bumma to e Vh npodoAOfcaemcfr do 
KOMnoaumnozo npedcmaeACHUjr tn^. 

JJoKaaameAbcmeo. HonojiHHTejiL.HL.ie renepaTopbi fi npe^CTaBjraiOTCH Tensop- 
HMMH onepaTopaMH cnnna 1 (KOMnoneHTaMH pasjiOHcenHii qf/i— a(|)(|)HHHoro TOKa 
[7]), a HMeHHO fi ^di (i> 0), /_i ^ z' (^^2fe)...(j+2fe+i-i) ^ 1) ° 

SaMenanue 3. BecbMa HHTepecno Smjio 6bi paccMOTpeTb KOMnosHTHBie npe^c- 
TaBJieHHii BemecTBeHHLix nojiynpocTLix ajireSp JIh, "cocTaBJienHtie" h3 oSm^i- 
HMx npeACTaBJienne HeKOTopux ecTecTBeHHux no^ajireSp (nanpHMep, Asyx 

npoTHBonoj[o>KHbix MaKCHMaj[L.HL.ix napaSoJEHMecKHX nojjairreSp hjih ^Byx npo- 

THBOnOJ[0>KHL.IX SopCJICBCKHX aJireSp nJIIOC, BOSMOJKHO, neKOTOpblX BJ[0>KeHHL.IX 

ajireSp s[(2,C), h t./i,.). 

SaMenanue 4. KoMnosHTHue npe^^CTaBJieHHH neKOTopbix flTpymx ajireSpaHMec- 
KHx CTpyKTyp (nsoTonHMecKHx nap) paccMaTpHBajiHCL. b paSoTe aBTopa [20]. 

HTaK, BO BTopoM naparpa(|)e ml.i BbiacKHJiH, hto q'fl;-KOH(|)opMHL.ie cHMMeT- 
pHH M03*CHo cMHTaTL. peaj[H3an;Hee Toe »ce caMoe aj[re5paHM:ecKoe CTpyKTypbi 
(ajireSpbi BnTxa hjih ajireSpLi BHpacopo), ^to h KOH(|)opMHLie CHMMexpHH, 
o^naKo, npH neKOTopoM hobom noHHManHH caMoe onepaii;HH "npe/i;cTaBJieHHii" . 
TaKHM oSpaaoM, ecTecTBenno nocTaBHTL. Bonpoc o tom, t^to aua^vLT "npe^- 
CTasjiflTL." H KaKHMH cBoecTBaMH ^OJDKHL.! o5jia/i,aTL. HecTaH/tapTHbie npe^- 
CTaBJieHHfl, mto5l.i c hhmh mo>kho 5l.ij[o paSoTaTL. TaK»ce KaK c o5l.mhl.imh, a 
TaioKe KaK nojiy^aTb h3 y>Ke HMeron^Hxcii thhob npe^^CTaBJienne HOBbie Hens- 
BecTHbie THnu. Ha 9th BonpocBi npHSBan OTBeTHTb cjie;iyion];He naparpa(|), 
KOTopbie 5y^eT hochtb ^ocTaTOMHO 4>opMaj[L.HL.ie MaTeMaTH^ecKne xapaKTep, 
^aneKHe ot Ha^ajibHoe nocTanoBKH sa^a^n hs nejioKajibHoe KBanTOBoe Teopnn 
nojiii. 
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3. KaTeropH£ui TeopHji npe^CTasjieHHe h qf/j— KOH(J)opMHij:e 
CHMMeTpHH: KOMnoBHTHue H oBepjiecHbie npe^CTaBJieHHji 

3.1. 9jieMeHTu: KaTeropHoe TeopHH npe^CTasjieHHe [6]. Zlajiee mbi 5y/i;eM 

paccMaTpHBaTL. npe^CTaBJieHHH KJiaccoB oSijeKTOB, oSpaayiomHX KaTeropnio, 
KOTopyio ML)i QyflfiM HasBiBaTL. SasoBoe KaTeropHee. KaTeropHBie acneKTBi 
CTaH^apTHoe TeopHH npe^CTaBJieHne pasSnpajiHCb b [16]. HeKOTopbie Kaie- 
ropHLie oSoSmeHHil onncaHbi b [21]. 0;i;HaKO, HH>Ke 6y;iyT c(|)opMyjiHpoBaH 
HanSojiee oSmne aScTpaKTHbie (|)opMajiH3M, KOTopbie Heo5xo;i;HM Hamnx 
3a;i;aM. 

Onpe^eJieHHe 2A. Teopuee npedcmaeAenue SasoBoe KaxeropHH A nasBiBaeT- 
CH KOHTpaBapnaHTHBie {|)yHKTop -R h3 KaTeropHH A b KaTeropnio ABSC Bcex 
Majibix aSejieBbix KaTeropne. 

Mnor^a cjie^yeT paccMaTpHBaTb KaTeropnio AW Bcex Majibix a^^HTHBHBix 
KaTeropHe bmccto ABSC O^naKO, ^jih npocTOTti 5y^eT HcnojibsoBaTbca 
TOJIBKO KaTeropHH ABSC 

HacTO SasoBaii KaTeropnii HMeex xopomnx cbocctb, nanpHMep, ^to 
npoH3BOJibHoro KoneMHoro ceMeecTBa oSteKTOB cymecTByeT hx KonpoH3- 
Be^eHHe, coBna^aiomee c npoHSBe^eHHeM. 9Ta cHTyaiina HMeeT MecTO ^jih 
aJireSp JIh, rpynn JIh, KoneT^Hbix rpynn, accon;HaTHBHt.ix aJireSp, aJireSp 
Xon(|)a H MHorHx ^^pyrnx CTpyKTyp. O^^naKO, SojibniHHCTBO ajireSpan^iecKHx 
nap (nanpHMep, HSOTonn^iecKHe napu [1:§2.2;19]) ne oSpasyiOT KaxeropHe 
no^oSnoro xnna. Ot SasoBoe KaxeropHH A, b KOTopoe npoHSBe^enna h ko- 
npoHSBe^eHHH KoneMHoro MHCJia oStjCktob cymecTByiOT h coBna^aiOT, mbi no- 
TpeSyeM b onpe^ejieHHH Teopnn npe^CTaBJieHHe, mtoSbi Sbijio sa^ano accoiiH- 
aTHBnoe ceMeecTBO BJiOHcenne R{a) x R{b) ^ R{a + b) (a h & — npoHSBOJibnue 
oSteKTbi SasoBoe KaxeropHH A). TaKne TeopHH npe;i;cTaBJienHe 5y;^eM nasbi- 
BaTb Kea3umeH3opuaAbHUMU. 

SaMeuGHue 5. Ecjih oSteKT a SasoBoe KaxeropHH A ;^onycKaeT Koaccon;HaTHB- 
HBie MOHOMop{|)H3M £ B tt + a, TO R{a) HBJiHeTCH xeHsopnoc KaTeropnee, kojib 
CKopo TeopHH npe/iCTaBJieHHe R KBasHTeHsopnajiBHa. 

CymecTByioT HeKBasHTeHsopnajibHtie Teopnn npe^CTaBJieHHe ^a»ce ^jih xo- 
pomo HSBecTnux KaTeropne npe^^CTanjiiieMbix oSteKTOB, nanpHMep, o5m;He 
7Y<S— npoeKTHBnbie npe^^CTanjienHii ajireSp JIh [5] hjih ynHTapnbie 7i<S— ncen- 
;^onpe;5CTaBJienHji rpynn JIh. 

Onpe^eJieHHe 2B. TeopHH npe;i;cTaBJienHe R fl^Jin Sasonoe KaTeropnn A na- 

sbiBaercH zoMOMopcpHoe, ecjiH cymecTByer no^KareropHH KareropHH A 
{nodKamezopuH Mumenee) xaKan, t^to ^jih nponsBOJiBHoro oSi-eKxa a KaTe- 
ropnn A KaTeropHH R{a) OTO>K^ecTBJiHeTCH c KaTeropnee Mor(o,^o) Bcex 
(KJiaccoB BKBHBajienTnocTn) Mop(|)n3MOB ns a b oSteKTbi KaTeropnn Mnmenee 
Aq. 

HanpHMep, Teopnn Bcex Jinneenbix, npoeKTnnnbix hjih ynnTapnbix npe/i;- 

CTaBJieHHe rpynn JIh roMOMop{|)HL.i. Otmcthm, ^^to KaTeropnn Mnmenee 
Bcer^a HBJineTCH a/i/iHTHBHoe (no ne oSnsaTejibno aSejienoe) no^KaTeropnee 
SasoBoe KaTeropHH A. 

Onpe/ipjieHHe 2B. Teopna npe^craBJienne R ^Jia SasoBoe Kareropnn A na- 
SLiBaeTCH CKpumo zoMOMop^Hoe, ecjin cymecTByeT roMOMop(|)HaH Teopna npe;i;- 
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CTasjieHHe R' ji^jlk KaTeropHH K, h (|)yHKTop (naK npasHJio, MHorosna^Hbie) 
Q : IC TaKHe, mto R = R' o q. 

HHHce Mbi npHBe;i;eM neKOTopue npHMepbi h oSmne KOHCTpyKiiHH CKpuTO 

roMOMop(|)HL.ix TCopHe npe^CTasjieHHC KaxeropHH CIS ajireSp JIh, hh- 

cnHpHpoBaHHL)ie npe/iJiWKeHHbiM Bbime pemeHHeM oSpaTHoe sa/iaMH TeopHH 
npe^CTaBJieHHe ^jih gfl-KOH(|)opMHt.ix cHMMeTpne b nejioKajiBHoe KBaHTOBoe 
TeopHH nojiii, KOTopue ne iiBJiiiiOTCii roMOMop(|)HbiMH, H onnmeM hx HHTepn- 
peTartHH b xepMHHax KaTeropnoe TeopHH npe;^CTaBJieHHe. 

3.2. KoMHOBHTHbie TeopHH npe^CTaBJieHHe [6]. H3jio>khm aScxpaKTHbie 
KaTeropHLie (|)opMajiH3M komhoshthbix npe;i;cTaBJieHHe ajireSp JIh, on- 
pe;i;ejieHHBix bo btopom naparpa(|)e. 

Onpe^eJieHHe 3A. IlycTb A — TonojiorHSHpoBaHHaH SasoBaa KaTeropnii (x.e. 

CHaSaceHHaa TonojiorHee FpoTeH^HKa [22]). HycTL. R - Teopna npe^CTaBJie- 
HHe ^Jia A. KoMnosumnafr meopusr npedcmaejieHue C{R) ^jih A mokct 5l.itb 
nocTpoena cjie^ioin,HM oSpasoM. IlycTb a - oSteKT SasoBoe KaTeropHH A 
n S = {si, S2, ■ ■ ■ Sn) {si e Mor(ai,a)) - noKpBiTne a, Tor;];a oSteKTBi KaTero- 
pHH C{R){a) cyTB naSopbi ;i;aHHbix (&i, &2) • • ■ &n), bi G R{ai) xaKHx, mto ^jih 
npoHSBOJiBHoro oSijeKTa c h MOHOMop{f)H3MOB / G Mor(c, a), fi G Mor(c, a^) 
(/ = Sj o /j) BBinojiHHeTCH paBeHCTBo {KOMnoauiriHoe npaeuAO CKJieenu) 

R{hnh) = R{f,r{h,). 

Mop(|)H3MBi B C(i?)(a) onpe;5ejiiiK)TCii corjiacoBanHBiM oSpasoM. 

Hjih JiK)5oe TeopHH npe/i;cTaBJieHHe R KOMnosHTnaH Teopnii npe;i;cTaBJieHHe 
C(i?) HBJiaeTca ny^KOM aSejieBbix Kareropne na^ TonojiorHSHpoBaHHoe Saso- 
Boe KareropHee A [22]. 9to - nyMOK, KaHOHH^ecKH nocTpoeHHBie no npe^- 
ny^Ky R na^ TonojiorHsnpoBaHHoe SasoBoe KaTeropnee A (oTMerHM, mto 
TeopHii npe;i;cTaBJieHHe ^^Jiii TonojiorHSHpoBannoe SasoBoe KaTeropHH A ecTB 
B TO^HOCTH no onpe^^ejienHK) npe^^ny^iOK na;i; nee) . 

TeopeMa 2A [6]. KoMnoaumnue npedcmaeAeHUfr aAze6p JIu o6pa3yiom komuo- 
aumnyio meopuw npedcmaeAenue C{R), zde R - cmaHdapmnoH meopufr npedc- 
maeAeHue ajize6p JIu (HaKpumufr aAze6p JIu aadammcfr kgk nAomnue cefrmue 
AueecKue KOMnoaumu). 

OTMeTHM, MTO TonojiorHii rpoTen;i;HKa b TeopeMe 2A OTJiH^iaeTCii ot o5lim- 
Hoe [21]. 

SaMeuaHue 6. Ecjih R - CTan^apTnaa Teopna npe^CTanjienHe aJireSp JIh, to 
KOMnosHTHaa xeopHa npe^CTaBJienHe C(i?) CKptixo roMOMop(|)Ha, BcnoMora- 
TeJibnaa KaTeropna K, - KaTeropna JineBCKHX KOMnosHTon, a no^KaTeropna 
MHmenee /Co coctoht h3 ajireSp JIh End(-ff) jinneenBix onepaTopon b jih- 
neenMx npocTpancTnax, T.e. Ta >Ke, mto h }\jlsi CTan;i;apTnoe roMOMop(|)Hoe 
TeopHH npe^CTaBJienne. O^inaKo, ecjiH R - o5m;aa Teopna npe^^CTaBJienne, to 
o CKpBiToe roMOMop(|)HOCTH C(i?) HHMero ne HsnecTHO. 

il no^ospenaio, mto nonaTHe CKpBiToe roMOMop(|)nocTH KOMnosHTnux Teo- 
pne npe^^CTaBJienne MO>KeT Sbitb nonaTO b TepMnnax Teopnn Tonocon [22]. 

3aMeHanue 7. C{C{R)) ^C{R). 
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3.3. OBepjieeHue TeopHH npe^CTasjieHHe [6]. OrpaHH^eHHOCTb komhosht- 

Hoc TCopHH npc^iCTaBJiCHHC nojiHOCTbio BbiaBJiaeTca Ha npHMcpe komhosht- 
HL)ix npe/iCTaBJieHHC ajircSpbi BnTTa ckpbitbimh SecKoneMHOMepHBiMH qj^—koh- 
(|)opMHt.iMH cHMMeTpHHMH B Mo^yjiHx BepMa Ha^ ajireSpoe JIh s[(2,C). Bo- 
nepBMx, TensopHoe npoH3Be;^eHHe jiioSoro ^iHCJia 3thx nenpHBO^^HMbix komho- 
3HTHLIX npe;^CTaBJieHHe CHOsa HenpHBo;i;HMO. Btot ^slkt pesKO npoTHBope^HT 
HHTyHiiHH. Bo-BTopbix, cKpL.iTL.ie cHMMCTpHH He oSpasyiOT CaMH HMKaKOrO 
KOMHOSHTHoro npc^jCTaB jieHHH aJireSpBi BHTTa, b to BpeMH KaK hhtyhthbho 
OHH ^oji>KHL.i oSpasoBBiBaTL. "npHcoe^HHeHHoe" npe^CTaBJieHHe. C tom:kh spe- 
HHii MaTBMaTH^iecKoe (|)H3HKH nepe^HCJieHHbie ne^^ocTaTKH cymecTBenHM, no- 
CKOJibKy OHH He HOSBOJiiiiOT HCHOJiBSOBaTB B HOJiHoe Mepe annapaT xeopHH 
npe^CTaBJieHHe ^Jia anajiHsa npon;eccoB pacna^a, CHHTesa h B3aHMo;i;eecTBHii 
KBasHT^acTHH, B ^ByMepHoc nejioKajiBHoe TeopHH nojia. 

TaKHM oSpasoM, BbiaBJiaeTca neoSxo^HMocTL. o5o5n];eHHa nonaTHa komho- 
SHTHoro npe;i;cTaBJieHHa. C axoe LiejiBio onpe;];ejiHM onepaTopntie jiHescKHe 
KOMHOSHTM LC{H) KaK HaSopu npocTpancTB onepaTopoB End{Hi), no^^npoc- 
TpaHCTB npocTpaHCTBa onepaTopoB End(iy) {H = Hi + . . . + Hm), c ecxecT- 
BeHHbiMH CTpyKTypaMH ajireSp JIh. 

Onpe^eJieHHe 4. 

A. OeepAeeHbiM npedcmaeneHueM jineBCKoro KOMnosHTa D b npocTpancTBe 
H HasbiBaeTca roMOMop(|)H3M T KOMnosHTa t) b onepaTopHbie jineBCKHe kom- 
no3HT LC(J/). 

B. IlycTb Q - ajireSpa JIh. Jlnneenoe OTo5pa>KeHHe T : i— > End(iy) 
HasMBaeTca oeepAeenuM npedcmaeAenueM ajireSpbi JIh q b jinneeHOM npoc- 
TpaHCTBe H, ecjiH cyniecTByeT MHoacecTBO gi,g2,... , fln no^iajireSp JIh aji- 
reSpBi g, oSpasyiomnx njioTHbie cBasHbie komdosht, h T — ero OBepjieenoe 
npe/iCTaBJieHHe. 

3aMeuaHue 8. OBepjieeHbie npe^CTaBJieHHa npoHSBOJitnoe ajireSpbi JIh q o5- 
pasyioT Tensopnyio KaTeropnio. 

OBepjieeHue npe;i;cTaBJieHHa pemaroT nepe^HCJieHHue panee xpy^^nocTH kom- 
nosHTHoe TeopHH npe;^CTaBJieHHe. 

TeopeMa IB [6]. TeH3opHue onepamopu cnuna 2 e ModyAfrx BepMa Vh Had 
aAze6poe JIu s[(2, C) oSpasyiom oeepjieenue npedcmaeAenuK aAze6pu Bumma, 
fTeAfnom,uecfT nodnpedcmaeAenuHMU End(V/i). 

SaMenanue 9. TensopHLie onepaTopbi jiK)5oro HeoTpHLi;aTejibHoro niejioro cnn- 
Ha n B MO^iyjie BepMa na^ ajireSpoe JIh sl(2, C) (onHcaHHue hojihoctbio 
B [7]) oSpasyiOT OBepjieeHBie npe;i;cTaBJieHHa ajireSpu BnTTa, aBJiaromneca 
no^npe^CTaBJieHHaMH End(V/i,). 

H3JI05KHM ecTecTBeHHue KaTeropHLie (|)opMajiH3M ^Jia KoncTpyKiinn OBep- 
jieeHLix npe;^CTaBJieHHe ajireSp JIh. 

Onpe;a;eJieHHe 3B. IlycTb A - TonojiornsHpoBaHHaa SasoBaa KaTeropna. IlycTb 
R - roMOMop(|)xaa Teopna npe^^CTaBJienne ;i;jia A c KaTeropnee Mnmenee Aq, 
CHa5»;eHHoe Tonojiornee FpoTen/iHKa, HH^iyniHpoBaHHoe h3 A. OeepAeenajr 
meopufr npedcmae/ienue 0{R) /iJia A MoaceT 5bitb nocTpoena cjie^yiomHM o5pa- 
30M. IlycTB a - oSiDeKT SasoBoe KaTeropHH A n S — {si, S2, ■ ■ ■ Sn) {si £ 
Mor(ai,a)) - noKpuTne a, Tor^a oGi^eKTBi KaTeropHH 0{R){a) cocToaT h3 
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HaSopoB ^aHHL.ix (ri, r2, . . . r„), G Mor(a, 6^), bi - oSi^eKTL.! no^KaTeropHH 
MHinenee Aq, aa^iaiomHx noKptiTHe oSi-eKTa b Toe }Ke no^KaTeropHH moho- 
Mop({)H3MaMH ti G Mor(6i,6), TaK MTO ^Jia jiioSoro no^oSijeKTa (c;]?] oSijeKTa 
a {p E Mor(c, a)) BbinojiHaeTca paseHCTBo {oeepAeenoe npaeuAO CKAeeKu): 

ri{{ai] Si] n (c;p]) H = [bi^U] n rj((aj; Sj] n (c;p]). 

Mop({)H3ML.i B 0(i?)(a) onpe^ejiHiOTCH corjiacoBaHHBiM oSpasoM. 

KaK 5l.i to hh 5yjio, mhb He HSBecTHBi onpe^ejieHHH OBepjieenoe TeopHH 
npe^CTaBJieHHe 0{R) ^jih TeopHH npe^CTaBJieHHe R, KOTopaa He aBJiaeTCH 
roMOMop(|)Hoe. OTMeTHM, T^TO 0{R) He HBJifleTCH nyi^KOM aSejieBbix KaTeropne 
Ha^ A B oSmeM cjiy^^ae, h a ne snaro aScTpaKTHoro onHcanHa oBepjieeHBix 
TeopHe npe^CTaBJieHHe b TepMHnax TeopHH ny^^KOB. 

SaMeuanue 10. OBepjieenbie Teopnn npe^CTaBJieHne 0(i?), onpe^ejienHBie ^jih 
roMOMop({)HL.ix Teopne npe;];cTaBJieHHe R, hbjihiotch ckpbito roMOMop{|)HL.iMH. 

TeopeMa 2B [6]. Oeepjieenue npedcmaejieHusr anzedp JIu odpasywm oeepAee- 
Hyw meopuw npedcmaejieuue 0{R), zde R - cmandapmHasr meopusr npedcmaejie- 
Hue anzedp JIu (noKpumufr ameSp JIu sadawmcfr KaK njionmue cesrsHbie jiueecKue 
KOMnommu, a Kamezopufr Mumenee Aq cocmoum U3 ecex aAze6p JIu End(-ff) ). 

OTMeTHM, T^TO Tonojiorna FpoTen^HKa b (|)opMyjiHpoBKe TeopeMBi 2B ot- 
jiHT^Ha OT CTaH^apTHoe. 

SaMeuaHue 11. (A) Ecjih R - roMOMop(|)HaH Teopna npe^CTaBJieHHe ^jih 5a30- 
Boe KaTeropHH A, to ^jih jiioSoro oSi-eKTa a KaTeropHH A KaTeropna C(i?)(a) 
HBJiaeTCfl no/tKaTeropnee KaTeropHH 0{R){a). (B) C(0(i?)) = 0{R). 

HTaK, B paSoTe paccMOTpeHbi cHMMeTpneHbie acneKTbi ^ByMepnoe nejio- 
KajiBHoe TeopHH nojia, aBJiaiomeecH npocTeemee ^e{|)opMaii;Hee koh({)opmho- 
HHBapnaHTHoe Teopnn c o^hhm cboSo^hbim Sosohhbim noJieM (§1). Pemena 
oSpaTHaa aa^a^a Teopnn npe^CTaBJienne ^Jia q'fj-KOH({)opMHL.ix cHMMeTpne, 

HBJIHIOmHXCH SeCKOHeMHOMepHBIMH CKptlTBIMH CHMMeTpHHMH yKaSaHHOe TeO- 

pHH (§2). Ha 5a3e aScTpaKTHoe KaTeropnoe Teopnn npe^CTaBJienne pasBnT 
MaTeMaTnMecKne annapaT, ;];ocTaTO^HBie ^jih npHMeHenna cnMMeTpnenbix Me- 
TO^OB K nsyMennio npon;eccoB cnHTesa, pacna^a n BsanMo^eecTBna KBasnMac- 
Tnn; b Mo/tejiax ^ByMepnoe nejioKajiBHoe KBaHTOBoe Teopnn nojia (§3). 
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